Warming Changes the Ocean and Air Circulation
by Gene Fry
	June 22, 2006 - Global warming is transforming Earth in major ways.  It has expanded the tropics and deserts 70 miles toward the poles; warmed the oceans 2,000 feet deep, enough to heat the atmosphere 40°C; expanded the troposphere upward 900 feet; and slowed the major trans-Pacific air circulation.
	The large-scale (20° of latitude or more) tropical Hadley cell air circulation pattern brings tropical downpours but subtropical drought.  According to satellite data for the lower atmosphere since 1979, the Hadley cells have expanded by 1° of latitude, or 70 miles, towards the north and south poles. (See Science, vol. 312, p 1179).  The observed changes match computer model predictions for warming of 0.5°C, said one study author, Thomas Reichler of the University of Utah (US).  As a result of the Hadley cell shift, the north and south jet streams have moved correspondingly closer to each pole.  As the tropics widen, the arid zones expand further from the equator, to mid-latitude regions.
Subtropical spread is likely to cut winter rain and snowfall in the Alps, the Mediterranean and southwest Australia.  It could cause deserts to expand into heavily populated southern Europe.  More warming could cause further spread, impacting the southern United States, South Africa, and southern South America. “If they move another 2° to 3° poleward in this century, very dry areas such as the Sahara desert could expand … by a few hundred miles,” said John Wallace, another study author, from the University of Washington in Seattle.
	Based on almost 2 million temperature-depth profiles across 50 years at thousands of ocean sites, the world's oceans have absorbed 20 times as much heat as the atmosphere since 1955.  See, for example, Levitus et al., “Warming of the world ocean, 1955-2003” Geophysical Research Letters 32 (2005), online at http://www.agu.org (doi:10.1029/2004GL021592).  Temperatures - elevated beyond natural variation - extend 1,500 feet down or farther.  The temperature increase is especially pronounced in the Atlantic.  The increase is about 0.5°C for the topmost 100 feet, but 0.2°C 1,000 feet down.
Over 1955-2003, the oceans have been adding heat at four to eight times the rate of human energy use for all purposes.  The oceans warmed rapidly from 1969 to 1978, cooled (especially the Pacific) from 1978 to 1985, and warmed since 1985.  Because the oceans are so much more massive than the atmosphere, a 0.1°C increase in ocean temperature (all the way to the bottom – 12,000 feet on average) would heat the atmosphere by 26°C.
	The tropopause separates the troposphere, which hosts Earth’s weather, from the stratosphere above.  This boundary layer is as high as nine miles above the equator, but as low as five miles above the poles.  A 2003 study using satellite data and computer models showed that the tropopause shifted upward from 1979 to 1999, by more than 900 feet.  See B.D. Santer, et al., “Contribution of anthropogenic and natural forcing to recent tropospheric height changes,” Science 301:479-483 (2003).  Or see www.newscientist.com/channel/earth/climate-change/dn9229-global-warming-stretches-subtropical-boundaries.html for a fuller summary than this one.  The study attributed about 80% of the upward shift to increases in greenhouse gases and depletion of stratospheric ozone.
	Global warming has also begun to dampen the wind circulation patterns over the Pacific, according to a report in the journal Nature.  See www.nature.com/nature or  www.ucar.edu/news/releases/2006/walker.shtml for more details.  According to barometric records, the average wind speed in the Walker Circulation has weakened by 3.5% since the mid-1800s, mostly since World War II.  The Walker Circulation stretches across the Pacific Ocean, almost halfway around the Earth.  Trade winds cross the Pacific east to west.  The air then rises in the west and returns eastward a few miles higher, before sinking to start the loop again.  The slowdown appears to be due to global warming, matching an effect that computer models predict.  The models say it might weaken another 10% by 2100, said Gabriel Vecchi, a study author and a visiting scientist at a National Oceanic and Atmospheric Administration lab in Princeton, N.J.
Slackening winds could alter climate and the marine food chain all the way across the tropical Pacific.  It might resemble some aspects of an El Niño event, which boosts rainfall in the southern United States and western South America, but brings drought to the west Pacific, including Indonesia, Australia, and Malaysia.  Slower winds may also reduce plankton populations and the fish that eat them, due to less wind-driven upwelling to bring up key nutrients. 


